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“Atmospheric concentration of CO2 over the last
10,000 years (large panel) and since 1750 (inset
panel). The corresponding radiative forcing is on
the right axis of the large panel; positive forcing
warms the Earth’s surface” (IPCC 2007,
Cambridge University Press, Cambridge, UK).
Oggi siamo arrivati a 380 ppm, la più alta concentrazione degli 
ultimi 800 mila anni (Luthi et al. 2008, Nature, 453: 379-382). Un 
tasso di incremento di CO2 così rapido come quello di oggi non si 
è mai verificato nel corso dei tempi geologici (Pandolfi et al. 
2011, Science, 333: 418-422). 
(from IPCC 2007, Cambridge University Press, Cambridge, UK)
È previsto che alla fine di questo 
secolo la temperatura del mare di 
superficie aumenti di 2-3 °C 
Il 25% della CO2 antropogenica viene assorbita dagli oceani (Canadell et al. 2007, 
PNAS, 104:18866-18870).
“One of the least-understood 
consequences of increasing carbon 
dioxide concentrations in the 
atmosphere is that the oceans are 
becoming more acidic. This is because 
CO2 in the air dissolves in seawater to 
form carbonic acid — a weak acid that 
makes the oceans slightly more acidic” 
(Center for Microbial Oceanography: 
Research and Education. The University 
of Hawai‘i System) .
THE OCEAN ACIDIFICATION
CO2 + H2O => HCO3
- + H+
Acidificazione dell’oceano: il
progressivo decremento di pH 
dell’acqua
Center for Microbial Oceanography: Research and 
Education (The University of Hawai‘i System) 
pH
today, 8.1 -> 7.8, at the end of this century
This represents an extremely rapid rate of change, which will lead to a decrease in seawater pH 
up to levels never reached in the past 20 millions years  (Pearson and Palmer, 2000, Nature 406: 
695-699)
“We are changing ocean chemistry too much too 
fast ”(Caldeira, 2007, Oceanography, 20: 188-
195)
(Caldeira e Wickett , 2005, Journal of Geophysical Research , 110: C09S04 )
Turley et al., 2010, Marine Pollution  Bulletin, 60: 
787-792
Change of H+  concentration
+ 99.5% 
(Orr et al., 2005, Nature 437: 681-686) 
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The Cladocora caespitosa bank in the Mljet
National Park (Southern Adriatic Sea)
Reef built by the cold water 
coral Lophelia pertusa, off the coast of 
Norway
All’aumento della acidità dell’acqua del 
mare è associato il decremento della 
concentrazione dello ione carbonato
pH [CO3
2-]
“Linkages between the buildup of 
atmospheric CO2 and the slowing
of coral calcification due to ocean 
acidification. Approximately 25% of the
CO2 emitted by humans in the period 
2000 to 2006 was taken up by the
ocean where it combined with water to 
produce carbonic acid, which releases a
proton that combines with a carbonate 
ion. This decreases the concentration of
carbonate, making it unavailable to 
marine calcifiers such as corals” (Hoegh-
Guldberg et al. 2007, Science, 318: 1737-
1742).
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“Under normal conditions, 
ZOOXANTHELLAE translocate up to 95% 
of their photosynthetically fixed carbon 
to the coral host. They also cover 30% of 
the host’s nitrogen requirements for 
growth, reproduction and maintenance 
from dissolved nutrient uptake” (Wild et 
al. 2011, Marine and Freshwater 
Research, 62: 205-215)
GOAL OF THE PANAREA TRANSPLANT EXPERIMENT:
Verify the effects of ocean acidification on Mediterranean corals, taking into 
consideration different responses between colonial and solitary, zooxanthellate and non-
zooxanthellate forms, in order to detect possible different sensitivities
Test the hypotheses that temperature influences the degree by which ocean acidification 
affects coral demographic parameters
THE INTERACTIVE EFFECTS OF HIGH LEVELS OF pCO2 AND TEMPERATURE 
HAVE BEEN LITTLE INVESTIGATED (Antony et al., 2008, Proceedings of the National 




Today I want to show some preliminary data on mortality and growth of Balanophyllia europaea, 
Leptopsammia pruvoti,  and Astroides calycularis along a natural pH gradient, created by CO2
volcanic emissions, at different temperatures








Map of the study area, showing the CO2 emissions site at Bottaro (Panarea Island) and the 
surrounding islets
The Panarea Experiment
In-situ transplants, along a natural pH gradient generated by CO2 volcanic emissions
Panarea Experiment
pH Gradient (July 2010-December 2011)
Predictions for 2100
38°N
















pH Gradient (July 2010-December 2011) (Caldeira, 2007, Oceanography, 20: 188-195)
MORTALITY
March 2011-June 2011 
17.3-19.6 °C
July 2010-September 2010 
23.8-24.3 °C
November 2010-March 2011 
15.0-18.9 °C
zoox, solitaryzoox, solitaryzoox, solitary
non-zoox, solitary non-zoox, solitary non-zoox, solitary
non-zoox, colonial non-zoox, colonial non-zoox, colonial
non-zoox, colonial non-zoox, colonial non-zoox, colonial
GROWTH RATE
November 2010-March 2011 
15.0-18.9 °C
March 2011-June 2011 
17.3-19.6 °C
June 2011-August 2011 
22.7-24.6 °C
zoox, solitary zoox, solitary zoox, solitary
non-zoox, solitary non-zoox, solitary non-zoox, solitary
non-zoox, colonial non-zoox, colonial non-zoox, colonial
While the growth rates  of L. pruvoti and A. calycularis , the non-zooxanthellate  species, are negatively affected by 
water acidity, those of B. europaea, the zooxanthellate species, result unaffected.
From aquarium studies, other two scleractinian zooxanthellate species exhibited unaffected  calcification rates 
with increased acidity (Jury et al. 2010, Global Change Biology 16: 1632-1644; Metalpa et al. 2010, Biogeosciences
7: 289-300). To the best of my knowledge, examples of non-zooxanthellate scleractinian corals with unaffected 
calcification rates in acidic water conditions are not known.
Does a physiological  connection exist between growth resistance to acidity and the symbiosis 
with zooxanthellae? Does symbiont photosynthesis play a role?
A zooxanthellate coral (mixotrophic)  has two modalities of energetic intake, compared to a non-zooxanthellate 
coral (heterotrophic): the trophic plasticity (phototrophy/heterotrophy) of zooxanthellate corals is a mechanism to 
enlarge the physiological niche and resist stresses (Anthony and Fabricius 2000, Journal of Experimental Marine 
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Preliminary results of the Panarea study seem to indicate that seawater acidity and temperature can act 
in synergy on Mediterranean corals determining an increment of mortality and, in non-zooxanthellate
corals, negative effects on growth rates
The minor sensitivity to water acidity demonstrated by the growth of B. europaea and other 
zooxanthellate species compared to non-zooxanthellate species, seems to indicate the existence of 
different degrees of resilience/resistance of corals to climate change, possibly in relation to different 
trophic strategies
Conclusion
seawater acidity + temperature effects
Zoox corals Non-zoox corals
Mortality
Growth
• VOLUNTEER-BASED CORAL REEF MONITORING
VOLUNTEER-BASED CORAL REEF MONITORING:
RELIABILITY OF DATA, ENVIRONMENTAL EDUCATION AND 
IMPLICATIONS FOR CONSERVATION
Environmental monitoring:
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Large Datasets
Volunteer involvement in scientific programs 
Citizen Science
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Volunteer involvement in scientific programs 
<- <-
Marine Citizen Science Programs
VOLUNTEER-BASED CORAL REEF MONITORING
Fish Survey Project, Florida
Reef Check, global-scale
- Training courses and tests to enroll volunteers
- Strict protocol and specific sites and depths
Robustness of data
Number of people
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(site, time, depth) were 
the same as during a 
recreational dive
1:Goffredo et al., 
Conserv Biol 18, 1492 (2004); 
2: Goffredo et al., 
Ecol Appl 20, 2170 (2010);
3: Branchini et al., 
Biodivers Conserv 24, 319 (2015).










Censimento cavallucci marini nel 
Mediterraneo
(Goffredo et al. 2004, Conservation Biology)
8827 schede raccolte
VOLUNTEER-BASED CORAL REEF MONITORING
Sub per l’ambiente
(2002 – 2005)
Stima biodiversità marina lungo 
le coste italiane
(Goffredo et al. 2010, Ecological Applications)
18 757 schede raccolte
VOLUNTEER-BASED CORAL REEF MONITORING
Progetti conclusi
Monitoraggio biodiversità marina in 
Mar Rosso
STE: Scuba Tourism for the 
Environment
(dal 2007)
(Branchini et al. 2015, Biodiversity and Conservation)
32 235 schede raccolte
VOLUNTEER-BASED CORAL REEF MONITORING
Progetti conclusi
Our approach























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Comunicato Stampa: Progetto STE vince premio TRI- Turismo Responsabile Italiano 
COMUNICATO STAMPA 
UN RICONOSCIMENTO CONCRETO AL TURISMO 
RESPONSABILE DALL’UNESCO:  
PROGETTO STE SEMPRE IN PRIMA LINEA 
I l Marine Science Group del Dipartimento di Biologia Evoluzionistica dell’ Università di Bologna e 
Settemari insieme per le Scogliere Coralline del Mar Rosso (www.STEproject.org) 
 
In occasione del WTE - World Tourism Expo Unesco, il 19 novembre ad Assisi si è svolta la seconda 
edizione del PREMIO TRI  – Turismo Responsabile I taliano, patrocinato da ASTOI e dedicato ai pacchetti 
di turismo responsabile centrati sui siti Unesco in Italia e nel mondo per riconoscere strutture ricreative, 
operatori, regioni e paesi che organizzano viaggi e soggiorni nel rispetto dell’ambiente e della cultura locale 
in Italia e nel mondo. 
Grazie alla collaborazione con il Progetto STE – Scuba Tourism for the Environment  
il Tour Operator ASTOI  “Settemari” si è aggiudicato il prestigioso premio. 
La presenza di ASTOI  all’importante evento internazionale si esplica innanzitutto attraverso il patrocinio 
concesso alla seconda Edizione del Premio Turismo Responsabile Italiano istituito dalla testata giornalistica 
L’Agenzia di Viaggi. Durante la presentazione e la consegna del premio è intervenuto Enrico Ducrot in 
qualità di responsabile del Gruppo di Lavoro ASTOI   sul Turismo Sostenibile. 
Il premio che ha lo scopo di diffondere informazione sui temi quali turismo responsabile e sviluppo 
sostenibile è in perfetta sintonia con il metodo della Citizen Science, proposto sin dal 1999 dal Marine 
Science Group del Dipartimento di Biologia Evoluzionistica Sperimentale dell’Università di Bologna 
creatore del Progetto STE (www.STEproject.org). La scienza dei cittadini rappresenta un metodo 
scientifico che si basa sul coinvolgimento di cittadini volontari per sviluppare progetti di monitoraggio 
ambientale e di turismo sostenibile. In particolare, vengono coinvolti i turisti (subacquei e snorkelisti) nella 
raccolta di dati sulla biodiversità marina (cioè sulla ricchezza di specie) con lo scopo di ottenere 
indicazioni sullo stato dell’ambiente. Tali informazioni sono fondamentali per l’attuazione di adeguate 
misure di tutela e gestione delle risorse. 
Settemari si è candidata al Premio TRI per il suo impegno nel monitoraggio della barriera corallina del Mar 
Rosso attraverso il coinvolgimento dei turisti nelle tre strutture Floriana di Settemari: Dream Lagoon, Blu 
Lagoon ed Emerald Lagoon. Settemari è infatti tra i tour operator che hanno scelto di abbracciare la 
filosofia del turismo eco-sostenibile, coinvolgeranno i clienti dei suoi villaggi, nella raccolta dati e 
inserendo una scheda informativa, riguardante STE-Scuba Tourism for the Environment, nel suo catalogo 
viaggi. Questa scelta contribuirà ad aumentare la sensibilità ambientale dei turisti e di conseguenza alle 
conservazione delle aree soggette al business del turismo.   
Per maggiori informazioni: 
 
Simone Branchini 
Ufficio Relazioni Esterne 
Marine Science Group 
Alma Mater Studiorum – Università di Bologna 




STE: Scuba Tourism for the Environment
VOLUNTEER-BASED CORAL REEF MONITORING
Main objectives:
• investigate the environmental
health of Red Sea coral reefs










Threats to coral reefs
VOLUNTEER-BASED CORAL REEF MONITORING





• Overfishing and destructive 
fishing practices
• Industrial development
• Dredging and mining
• Recreational uses
• Ocean warming and acidification
VOLUNTEER-BASED CORAL REEF MONITORING
Survey questionnaire
Easily recognizable by 
volunteer recreational divers
72 animal taxa
Method suitable for amateurs 
Tasks realistically achievable
VOLUNTEER-BASED CORAL REEF MONITORING
Survey questionnaire
Personal data of volunteers
Technical data of the dive
Abundance of sighted organisms
VOLUNTEER-BASED CORAL REEF MONITORING
Survey questionnaire
StevenGraame
19 Ripon Gardens NE2 1HN  Newcastle upon Tyne UK
graamesteve@gmail.com OWD Padi
Ras Umm Sid Sharm el Sheikh
Viaggio nel Blu
12 – 5 – 2015 35
12 27°
55 9:30
Personal data of volunteers
Technical data of the dive
VOLUNTEER-BASED CORAL REEF MONITORING
Survey questionnaire
Abundance of sighted organisms
Barracuda
VOLUNTEER-BASED CORAL REEF MONITORING
Survey questionnaire
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VOLUNTEER-BASED CORAL REEF MONITORING
Environmental education
• A section provides guidance 
for limiting impacts on the 
reef during a recreational 
dive and throughout the 
vacation period
Survey questionnaire
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Environmental education
• A section provides guidance 
for limiting impacts on the 
reef during a recreational 
dive and throughout the 
vacation period
Briefing
VOLUNTEER-BASED CORAL REEF MONITORING
Debriefing
VOLUNTEER-BASED CORAL REEF MONITORING





Survey effort (2007 – 2014)





Survey effort (2007 – 2014)
53 anni di lavoro di un ricercatore subacqueo
2,271,540 € di costo di ricerca
VOLUNTEER-BASED CORAL REEF MONITORING
Reliability analyses
Comparison between data collected by volunteers with those 
collected by scientists
 115 validation trials
 715 volunteers tested
Using a citizen science program to monitor coral reef biodiversity through space and time
Branchini et. al, Biodiversity and Conservation 24: 319 - 326 (2015)




















Nunnally 1967  Psychometric theory (McGraw Hill) 
Hair et al. 1995 Multivariate data analysis (Prentice Hall)
Sale and Douglas 1981 Environ Biol Fish 6:333–339
Darwall and Dulvy 1996 Biol Conserv 78:223–231

























high touristic exploitation 











VOLUNTEER-BASED CORAL REEF MONITORING
Marine Biodiversity Index
The biodiversity level at each site was synthetically represented by a 
Marine Biodiversity Index, reduced to 5 classes:
Very good (from 0 to - 0.200)
Low (from - 0.601 to - 0.800)
Very low (from- 0.801 to - 1)
Mediocre (from - 0.401 to - 0.600)
Good (from - 0.201 to - 0.400)
Using a citizen science program to monitor coral reef biodiversity through space and time
Branchini et. al, Biodiversity and Conservation 24: 319 - 326 (2015)












































Ministry of Tourism 
of the Arab Republic 
of Egypt
VOLUNTEER-BASED CORAL REEF MONITORING
Education questionnaire
9 questions on ecology and biology knowledge
Provided twice to volunteers
1) Corals are resistant organisms.
True False Don’t know
2) Corals are:
Plants Animals Minerals Other          Don’t know
12) Your position in the water, during swimming or finning, can severly damage
corals.
True False Don’t know
15) To buy souvenirs or directly collect organisms, that come from coral reefs (such 
as shells, starfish, etc.) is dangerous for coral reefs:
True False Don’t know
6 questions on human impact awareness 










Tot: calculated on overall questions (15)
Know: calculated on coral reef biology and ecology
knowledge questions (9)



















Branchini et al., 
PLoS ONE 10, e0131812 (2015).
VOLUNTEER-BASED CORAL REEF MONITORING
Conclusion
• Main limitation: not homogeneous geographic distribution 
• Volunteer-based method vs funding lack (large spatial and 
temporal scale)
• Effectiveness of environmental management
• Environmental education
VOLUNTEER-BASED CORAL REEF MONITORING
THANK FOR YOUR ATTENTION
QUESTIONS
?
Special thanks to: 
the Project Partners:
- Egyptian Ministry of Tourism 
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• EDUCATION ACTIVITIES
